A panel of murine monoclonal antibodies (MAbs), selected by indirect ELISA, was prepared to an isolate (ACMV-JI) of the type strain of African cassava mosaic virus. Of the ten MAbs purified from ascitic fluids, four out of the five tested gave stronger reactions with ACMV-JI in double antibody sandwich ELISA (DAS-ELISA) than did rabbit polyclonal antibody. Six of the ten MAbs gave a precipitin reaction in immunodiffusion tests and nine trapped ACMV-JI particles in immunosorbent electron microscopy. Rabbit polyclonal antibody to ACMV reacted in DAS-ELISA not only with ACMV-JI and the Kenya coast strain of ACMV (ACMV-C) but also with five other geminiviruses known or suspected to have the whitefly Bemisia tabaci as a vector, though not with three geminiviruses that have leafhopper or unknown vectors. Of the ten MAbs studied in detail, four did not react with ACMV-C in indirect ELISA and only two reacted strongly. This supports other evidence that ACMV-C is a distinctive strain of ACMV and not merely a minor variant. The other whiteflytransmitted geminiviruses (bean golden mosaic, euphorbia mosaic, mung bean yellow mosaic and tomato golden mosaic viruses) and Australian tomato leaf curl virus reacted with two to five MAbs but each virus had a different pattern of reactivity. In contrast, solanum apical leaf curling virus, and the leafhopper-transmitted beet curly top and maize streak viruses, did not react with any of the MAbs. The results of competitive binding tests, when combined with the patterns of reaction of individual MAbs with different viruses, indicated that the MAbs were specific for nine distinct epitopes. Two MAbs reacted with all five whitefly-transmitted viruses, suggesting that the epitopes detected by these MAbs may be important for transmission by B. tabaci. Individual MAbs seem suitable for detecting and identifying ACMV, for distinguishing between ACMV-JI and ACMV-C, and for quantitative assays of other whitefly-transmitted geminiviruses.
INTRODUCTION
Geminiviruses are a group of plant viruses with bisegmented particles about 30 × 20 nm in size that contain the circular single-stranded genomic DNA (Goodman, 1977; Harrison et al., 1977; Stanley, 1985) . The group can be divided into two main subgroups. Viruses in one subgroup, such as maize streak virus (MSV), have monopartite genomes (Mullineaux et al., 1984) , different specific leafhopper vectors and most members are serologically unrelated to other members. Viruses in the other subgroup, which includes African cassava mosaic virus (ACMV; synonym cassava latent virus; Bock & Woods, 1983) , have bipartite genomes (Stanley & Gay, 1983) , are all transmitted by the whitefly, Bemisia tabaci, and several are known to be serologically related to one another (summarized by Harrison, 1985) . Indeed, examination of the nucleotide sequences of the DNA of three whitefly-transmitted geminiviruses (Stanley & Gay, t Present address: Queensland Department of Primary Industries, Meiers Road, Indooroopilly, Queensland 4068, Australia. 0000-7373 © 1986 SGM J.E. THOMAS, P. R. MASSALSKI AND B. D. HARRISON 1983 ; Hamilton et al., 1984; Howarth et al., 1985) shows that the particle protein gene is strongly conserved in the different viruses. The strength of these relationships has two consequences: on the one hand it complicates the identification of individual viruses by serological tests but on the other hand it can allow antisera prepared to one whitefly-transmitted geminivirus to be used to detect other members of the subgroup.
The advent of monoclonal antibody (MAb) technology has provided the means of producing antibodies with differing specificities and extreme discriminatory abilities. In this paper, we describe the properties of MAbs that were prepared with the dual aims of producing an ACMVspecific detection system and of investigating further the pattern of antigenic relationships between ACMV and other geminiviruses. Table 1 lists the virus isolates used, and their acronyms and sources. ACMV-JI was derived by Stanley (1983) from the Kenyan type culture of ACMV (isolate 844; Sequeira & Harrison, 1982) , by cloning full-length copies of viral DNA-1 and DNA-2 in bacteriophage M13 and inoculating plants with mixtures of excised double-stranded DNA-1 and DNA-2. Australian tomato leaf curl virus isolate 168/2 (ATmLCV), a previously uncharacterized virus, was obtained from a naturally infected tomato plant growing at Kowanyama, Queensland and showing yellow dwarf symptoms. These symptoms and those produced in graftinoculated tobacco resemble the symptoms of tobacco leaf curl virus (Osaki & Inouye, 1981) . Plants infected with ATmLCV contained geminate virus-like particles but the virus could not be transmitted by mechanical inoculation with sap (J. E. Thomas & B. D. Conde, unpublished results) . ATmLCV and solanum apical leaf curling virus (SALCV) were maintained in graft-inoculated plants. ACMV, euphorbia mosaic virus (EuMV) and tomato golden mosaic virus (TGMV) were maintained in sap-inoculated plants. All five viruses were held under licence from the Department of Agriculture and Fisheries for Scotland. Bean golden mosaic virus (BGMV), beet curly top virus (BCTV), MSV and mungbean yellow mosaic virus (MYMV) were obtained in flesh or frozen-dried leaf with the permission of the Department of Agriculture and Fisheries for Scotland. Particles of ACMV-JI were purified as described by Sequeira & Harrison (1982) .
METHODS

Virus isolates and virus purification.
Derivation, culture and selection ofhybridomas. The murine myeloma cell line P3-X63-Ag8.653, which does not produce endogenous light or heavy immunoglobulin chains (Kearney et al., 1979) , was kindly provided by C. Evans (University of St Andrews). Hybridomas secreting ACMV-specific antibodies were derived from two separate experiments by fusions of the myeloma cell line and the spleen cells of BALB/c mice immunized against ACMV-JI. Two male BALB/c mice were immunized as follows: day 0, 50 Ixg purified ACMV-JI in an equal volume of Freund's complete adjuvant injected intraperitoneally and subcutaneously; day 14, 50 ~tg in Freund's incomplete adjuvant intraperitoneally and subcutaneously; day 40 (mouse 1) or day 159 (mouse 2), 50 ~tg in 10 raMphosphate buffer, pH 7.6, intravenously. The mice were killed on day 44 (mouse 1) or day 162 (mouse 2) and the spleens were removed aseptically. Techniques for the subsequent production and culture of hybridomas were essentially as described by Galfr~ & Milstein (1981) . Ten to 13 days after fusion, hybridoma colonies were tested for antibody production by indirect ELISA (see below) using virus-free or ACMV-J I-containing Nicotiana benthamiana sap, and for the second fusion, additionally using ATmLCV-containing N. benthamiana sap.
Production of ascitic fluids. Ascitic fluids were produced by injection of 105 to l0 T hybridoma cells in 0-5 ml complete medium, into the peritoneal cavity of BALB/c mice that had been pristane-primed (0.5 ml/mouse) 2 to 9 weeks earlier (Galfr~ & Milstein, 1981) . After 2 to 10 weeks, the peritoneal cavity was periodically punctured with a 19 gauge needle and the ascitic fluids collected. After clarification by centrifugation at 200 g for 5 min, ascitic fluids from mice injected with the same hybridoma cell line were pooled and stored frozen at -18 °C.
Isotyping ofMAbs. MAbs were isotyped by immunodiffusion tests using subclass-specific antisera for mouse immunoglobulins (Miles Laboratories).
Polyclonal antiserum. The antiserum to ACMV (isolate 844) was that prepared by Sequeira & Harrison (1982) . Preparation of immunoglobulin and conjugation with enzyme. Immunoglobulin (tg) was precipitated from mouse ascitic fluid or from rabbit antiserum with 50~ (v/v) saturated (NH4)2SO4 solution, adjusted to pH 7.4 by adding drops of 1 M-NaOH. The precipitate was dissolved in, and dialysed against, 0-01 M-phosphate-buffered saline at pH 7.4 (PBS) and soluble material passed through a column of Whatman DE-22 cellulose equilibrated with PBS. The first peak eluted was collected, the IgG concentration was estimated spectrophotometrically and the preparation was stored at -18 °C. Samples of Ig were conjugated to alkaline phosphatase (Sigma Type VII-S) as described by Clark & Adams (1977) , using 2500 units enzyme/mg globulin.
ELISA. Three types of test were used. For the antibody-trapped antigen form of indirect ELISA, the wells of microtitre plates (Nunc Immunoplate I) were coated by incubation for 2 to 3 h at 20 to 25 °C with rabbit polyclonal Ig at 1 ~tg/ml in 0-05 M-sodium carbonate buffer (coating buffer) at pH 9-6 (100 ~tl/well). After washing the wells three times with PBS containing 0.05 ~ Tween 20 (PBS-T), samples prepared by grinding leaf tissue in 0.05 MTris HCI, 0.005 M-EDTA, pH 8.0 (10 ml/g leaf) were added (100 ~tl/well) and incubated overnight at 5 °C. The wells were again washed as above, then 5~o dried skimmed milk in PBS-T (200 ~tl/well) was added for 30 rain at 23 °C. This was replaced by tissue culture supernatant fluid diluted 1:1 or 1:2, or appropriately diluted ascites fluid, in PBS-T containing 2~ polyvinylpyrrolidone (tool. wt. 44000) and 0.2~ ovalbumin (PBS-TPO), 100 ~tl/well. After 2 to 3 h at 23 °C, the wells were washed as above and either a rabbit anti-mouse IgG alkaline phosphatase conjugate or the corresponding horseradish peroxidase conjugate (Miles Laboratories), diluted in PBS-TPO, was added (100 p.l/well) and incubated for 3 h at 23 °C. The plates were washed again as above and the alkaline phosphatase conjugate detected using p-nitrophenyl phosphate at 0.6 mg/ml in 1 M-diethanolamine buffer, pH 9.8 (200 ~tl/well). For detecting the horseradish peroxidase conjugate, the substrate tetramethylbenzidine was used at 0.1 mg/ml in 0.1 M-sodium acetate/citric acid buffer, pH 6, containing 0.006~ H20: (100 ~tl/well). In the phosphatase assay, A405 was measured in a Titertek Multiskan photometer (Flow Laboratories) after 45 to 90 min at 23 °C and again after subsequent overnight incubation at 5 °C. In the peroxidase assay, 2 M-H2SO 4 (20 I~l/well) was added after 25 to 30 min at 23 °C and A4s0 was then recorded.
For the plate-trapped antigen form of indirect ELISA (Mowat, 1985) , the three steps, which were separated by washing the wells as described above, each took 1 h at 23 °C and used 100 p.l fluid/well. For step 1, the wells contained sap extracted in coating buffer (10 ml/g leaf); for step 2 this was replaced by tissue culture supernatant fluid used as described above, and for step 3 the bound MAb was detected using Protein A conjugated to horseradish peroxidase (Barbara & Clark, 1982) , which was detected as described above.
The double-antibody sandwich form of direct ELISA (DAS-ELISA) was done essentially as described by Tamada & Harrison (1980) . The wells ofmicrotitre plates were coated either with rabbit polyclonal anti-ACMV Ig (1 ~tg/ml) or with individual MAbs (1 ~tg/ml) before overnight incubation with sap at 5 °C. After washing, antigen bound by polyclonal Ig was detected using polyclonal Ig-alkaline phosphatase conjugate (100 ~tl/well); antigen bound by MAb was detected using MAb-alkaline phosphatase conjugate, each conjugate being suitably diluted (1/500 to 1/1000) in PBS-TPO and incubated for 3 to 5 h at 23 °C. Substrate was then added and A4o5 was recorded as described above.
Competitive binding tests. Unconjugated MAbs were tested individually for their ability to block subsequent binding of each of a range of MAbs conjugated to alkaline phosphatase. Wells of microtitre plates were coated with polyclonal anti-ACMV Ig (1 ~tg/ml), and N. benthamiana sap containing ACMV-JI was then added as described above. Unconjugated blocking MAb in PBS-TPO (100 ~tl) was then added to each well at 50 ~tg/ml, a concentration found in preliminary experiments with each MAb to inhibit completely the subsequent binding of the homologous MAb conjugate. After incubation for 2.5 h at 23 °C, and without washing the plates, 10 Ixl MAb conjugate was added to each well to give a final conjugate concentration of 1/200 (MAb SCR 18) or 1/500 (other MAbs). After an additional 3 h at 23 °C, the plates were washed and substrate added as described above. The times of incubation with substrate were varied to compensate for the different rates at which substrate was hydrolysed by different conjugates. The proportion by which A405 was decreased when each MAb was used to block binding of each conjugate was calculated. Where this proportion exceeded 50%, the antigenic sites were considered to be topographically related.
Other serological tests. Immunodiffusion tests were done in 0.7% agarose gel prepared in 0-07 i-phosphate buffer, pH 7, using N. benthamiana sap diluted 1/4 with 0.05 M-Tris-HC1, 0.005 M-EDTA, pH 8 as antigen.
Immunosorbent electron microscopy (ISEM) was done as described by Roberts & Harrison (1979) , using antiserum at 1/1000 and MAbs at 1 gg/ml. The antibody-coated grids were floated on ACMV-containing N.
benthamiana sap for 1 to 2 h at 4 °C, and were then stained with uranyl formate/NaOH.
RESULTS
Production of hybridomas
At the time of splenectomy, the polyclonal antiserum from each immunized mouse had a titre of at least 10 -5 against ACMV-JI in indirect ELISA. Of the 480 wells into which the products of the first fusion were plated, 12 contained hybridoma colonies which secreted antibodies specific for ACMV-JI. A further 13 wells contained hybridomas secreting antibodies specific for components in the sap of healthy N. benthamiana. After two cycles of cloning at limiting dilution, seven stable ACMV-JI-specific hybridomas were obtained. These were used to produce MAbs in culture supernatant and ascitic fluids. These MAbs were designated SCR 11 to SCR 17 and their respective properties are summarized in Table 2 .
In the second fusion experiment, hybridomas were obtained in 78 % of the initial culture plate wells. Thirty-two of these wells contained colonies secreting antibodies specific for ACMV-JI (including eight which also reacted with ATmLCV). A further 13 wells contained colonies secreting host-specific antibodies. After one cycle of cloning at limiting dilution, 18 stable ACMV-JI-specific hybridoma lines were obtained, seven of which produced antibody that also reacted with ATmLCV. Three lines were chosen, again cloned at limiting dilution and subsequently used to produce MAbs in culture supernatant and ascitic fluids. These MAbs were designated SCR 18 to SCR 20 and their properties are summarized in Table 2 . After preliminary tests on the specificity of their secreted antibodies, the remaining hybridoma lines, which produced MAbs numbered SCR 21 to SCR 35, were stored in liquid nitrogen without further cloning. IgG2b 512 10 -6 9-2 Parent myeloma --0.5 (P3-X63-Ag8.653) * Greatest dilution giving A,05 > 0.1 in tests with ACMV-containing sap and after incubation with substrate for 1 h. In control tests with virus-free sap, A,os was <0.01.
Reactivity of monoclonal antibodies in different serological tests
Ten of the monoclonal antibodies were used in five kinds of serological test. All reacted strongly in indirect ELISA with ACMV-JI trapped by rabbit polyclonal antibody. However, comparison of the reaction endpoints and IgG contents of the ascitic fluids suggests that SCR 12, 14 and 16 were somewhat more reactive than the other MAbs (Table 2) . Six MAbs (SCR 11 to SCR 15 and SCR 17) were also used in indirect ELISA to detect plate-trapped ACMV-JI. In these tests, each MAb gave an A45o value three-to sevenfold greater than that given by extracts of virus-free N. benthamiana leaves.
Six of the MAbs that were conjugated to alkaline phosphatase were tested in DAS-ELISA. Preliminary tests showed that when used as both coating antibody and conjugate, SCR 15 gave a barely detectable reaction in the usual incubation conditions, whereas the other five MAbs reacted strongly. Indeed, when used at standard concentrations, four of these five MAbs gave stronger ACMV-specific reactions than rabbit polyclonal antibody (Table 3) .
In immunodiffusion tests, six out of ten MAbs reacted with ACMV-JI in leaf extracts to produce a single precipitin line (Table 3) . Similar results were obtained with undiluted culture fluids and with IgG purified from ascitic fluid and used at 0.1 to 1.0 mg/ml. The MAbs did not react with extracts from virus-free N. benthamiana leaf.
For ISEM, the MAbs were used at 1 gg/ml and the rabbit polyclonal antiserum at 1/1000, a considerably greater concentration of globulin but not necessarily of virus-specific antibody. Under these conditions, nine MAbs trapped ACMV-JI particles (Table 3 ) and one (SCR 16) trapped more particles than the polyclonal antiserum in some tests. In contrast, SCR 15 did not trap significantly more virus particles than were found on control electron microscope grids. In all tests, grids coated with MAbs trapped less host-derived debris than the polyclonal antiserum, so that the ACMV particles were more readily observed and counted.
Reaction of geminiviruses with polyclonal antibody to A CMV in DAS-ELISA
In previous work to examine serological relationships between geminiviruses, the tests most extensively used were immunodiffusion (Sequeira & Harrison, 1982; Stein et al., 1983) and ISEM (Roberts et al., 1984) . In general, these tests are considered to be less discriminatory than DAS-ELISA. Further experiments were therefore done to ascertain whether the pattern of relationships revealed by these earlier tests would also be found by DAS-ELISA with polyclonal antibody to ACMV. The results show evidence of relationships between ACMV and five other viruses known or suspected (ATmLCV) to be whitefly-transmitted, whereas no relationship was detected between ACMV and three geminiviruses with leafhopper (BCTV, MSV) or unknown (SALCV) vectors (Table 4) . Although some of the reactions were weak, all those between ACMV and the other whitefly-transmitted viruses were unequivocal. For example, although the A~05 value for MYMV in expt. 3 was only 0.07 at 45 min after adding substrate, it rose to 0.97 after overnight incubation at 4 °C, when the comparable value for virus-free P. vulgaris sap was only 0.05. In these tests, effects of differences in antigen concentration cannot be separated from those of differences in antigen specificity. However, the relationships of other whiteflytransmitted geminiviruses to ACMV clearly are close enough to be detected by DAS-ELISA. Previous evidence on the relationship of the type strain of ACMV to BGMV, EuMV and TGMV, and to the antigenic variant ACMV-C (Bock et al., 1981) is therefore substantiated and a relationship of ACMV to ATmLCV and MYMV detected.
Tests of relationships of geminiviruses to ACMV using monoclonal antibodies
The MAbs differed greatly in their ability to react with other geminivirus isolates in indirect ELISA (Table 5) . At one extreme, SCR 11 and SCR 12 reacted only with ACMV-JI, whereas at the other extreme SCR 20 reacted strongly or moderately strongly with all the whiteflytransmitted geminiviruses. As in DAS-ELISA with polyclonal antibody to ACMV, none of the MAbs reacted with BCTV, MSV or SALCV. Four MAbs failed to react with ACMV-C but two of these reacted with EuMV and TGMV, showing that ACMV-C lacks epitopes that occur in these two other geminiviruses.
The pattern of reactivity of each geminivirus isolate was different. However, in general EuMV reacted similarly to TGMV and they could be differentiated only with SCR 13 and by the strength of their reactions with SCR 19 and SCR 20. Even these differences could perhaps result from differences in antigen concentration, and the possibility cannot be ruled out that EuMV and TGMV are antigenically very similar. BGMV and MYMV were another pair of viruses with similar reactivity patterns. They were distinguished only by SCR 18 and by the strength of their reaction with SCR 20. Again, differences in virus concentration may have been at least in part responsible for the apparent difference between the two viruses. ATmLCV also had a reactivity pattern similar to that of these two legume geminiviruses, but differed from them in reacting only weakly with SCR 17.
These reactivity patterns in indirect ELISA relied on cross-reacting antibody being Table 1 . t Wells were coated with rabbit polyclonal anti-ACMV globulin; antigen was detected with the specified monoclonal antibody, which in turn was detected with rabbit anti-mouse IgG-alkaline phosphatase conjugate.
:~ + + +, A4o5 = 0.6 to 2.0 (1 h after adding substrate); + +, A4o5 = 0.1 to 0.6 (1 h); +, A405 = >0"1 (overnight); 0, A405 = <0.02 (overnight) in a series of tests. adequately represented in the rabbit polyclonal antibody used to coat the plates. However, losses of activity caused by conjugating the MAbs to alkaline phosphatase were avoided. In further tests by DAS-ELISA, five MAbs were used both to coat plates and as conjugate. In general, although the homologous reactions were strong (Table 3) , the cross-reactions with four other geminivirus isolates were much weaker than in the indirect ELISA. A4os was therefore recorded after overnight incubation with substrate (Table 6 ). As in indirect ELISA, SCR 14 proved to be suitable for distinguishing the two ACMV isolates from other geminiviruses. However, in contrast to indirect ELISA, SCR 13 did not detect TGMV and SCR 17 did not detect ATmLCV or EuMV. Indeed, the tests with SCR 17 served to emphasize the antigenic difference of TGMV from ATmLCV and EuMV.
Epitope mapping
The different patterns of reactivity of the different MAbs (Tables 5 and 6 ) indicate that most of the epitopes they detect are distinct. To obtain further information on epitope discrimination and topological relationships, a series of competitive binding tests was done in which the ability of nine MAbs to block the subsequent reaction of antibody-trapped ACMV-JI particles with eight MAb conjugates was assessed. The results indicate that the blocking MAbs, and therefore the epitopes they detect, can be divided into five groups (Table 7) , which presumably correspond to five topologically distinguishable sites. However, the three MAbs in group B and the three in group D can each be distinguished by their patterns of reactivity with different geminiviruses (Table 5 ), indicating that each of the nine MAbs detects a different epitope. This interpretation is in line with evidence that discrete epitopes can be so close together that they behave as one site in competitive binding tests (Schmaljohn et al., 1983) . The results in Table 7 also indicate a lack of reciprocity in competition for binding between MAbs in groups A to C on one side and those in groups D and E on the other. For example, MAbs in groups A and B block the binding of those in groups D and E, but not vice versa. Similarly, MAbs in groups A, B and D all block binding of the MAb in group E, whereas this MAb does not block binding of any of the others. A possible explanation of these results is that the epitopes detected by MAbs in groups D and E are more restricted in distribution over the surface of virus particles than are those detected by MAbs in groups A and B.
Group D includes both the MAbs (SCR 17 and SCR 20) that reacted with all the whiteflytransmitted viruses tested (Table 5) . Moreover, in less detailed tests with six other MAbs (SCR 21 to SCR 26) to ACMV-JI, which were selected because they reacted with ATmLCV also, all were found to react strongly with TGMV. This suggests that although some parts of the viral coat protein differ greatly in different whitefly-transmitted geminiviruses, other parts are strongly conserved.
DISCUSSION
Monoclonal antibodies have already been prepared to more than 30 plant viruses in at least 11 virus groups (Halk & de Boer, 1985) and in this paper we show some of the potential uses of hybridoma technology in the study of a twelfth group, the geminiviruses. One of these uses is to provide detailed information On the antigenic relationships between the particle proteins of different geminivirus isolates. Previous work showed that the Kenyan type strain of ACMV (ACMV-T), from which ACMV-JI is derived, is distinguishable from ACMV-C by spur formation in gel-diffusion precipitin tests with rabbit antiserum to the type strain (Bock et al., 1981) . However, ACMV-C is sufficiently closely related to ACMV-T to react strongly in DAS-ELISA with polyclonal antibody to ACMV-T (Table 4) . In contrast, four of the ten MAbs tested in detail reacted less strongly with ACMV-C than with ACMV-JI and four others gave no reaction with ACMV-C. The extent of these differences illustrates the great discriminatory power of MAbs and suggests that ACMV-JI and ACMV-C are distinct strains and not simply minor variants. This view is supported by the results of nucleic acid hybridization tests, which show that DNA-2 of ACMV-C differs greatly from that of ACMV-JI, although the DNA-I molecules of the two strains are much more similar . Nevertheless, smaller differences between the two strains clearly also exist in DNA-1, because this genome part contains the particle protein gene .
In general, the other whitefly-transmitted geminiviruses were antigenically less similar to ACMV-JI than is ACMV-C, and individual viruses reacted with two to five of the ten MAbs tested in detail. This again parallels the results of nucleic acid hybridization tests, which showed that whereas the binding of probes for ACMV-JI DNA-1 to ACMV-C DNA was resistant to washing in stringent conditions, that to the DNA of several other whitefly-transmitted geminiviruses was detected only when non-stringent washing conditions were used (Roberts et al., 1984) . More detailed comparisons of the nucleotide sequences of the particle protein genes of ACMV-JI (Stanley & Gay, 1983) , TGMV (Hamilton et aL, 1984) and BGMV (Howarth et al., 1985) indicate that the proteins have considerable amino acid sequence similarity, and the ability of some of the MAbs to react with particles of BGMV and/or TGMV is therefore not surprising. However, tests with the MAbs also enable other unsequenced geminiviruses from tomato or legumes to be distinguished from TGMV and BGMV. For example, MYMV seems distinguishable from BGMV and ATmLCV differs antigenically from TGMV. ATmLCV is also not sap-transmissible and it causes a marginal leaf chlorosis and leaf curling in tomato, whereas TGMV is sap-transmissible and causes a yellow mosaic in tomato. Thus, ATmLCV seems distinct from TGMV and may be closely related to tobacco leaf curl virus (Osaki & Inouye, 1981) .
The evidence provided by MAbs, such as SCR 20, that a wide range of geminiviruses transmitted by B. tabaci share at least two epitopes is compatible with the hypothesis (Roberts et al., 1984) that structural features of the surface of their particle proteins are required for transmission by this species. Indeed, the epitope detected by SCR 20 may have just such a role, and it is worth noting that despite the broad reactivity of this MAb, it did not detect BCTV, a leafhopper-transmitted virus whose particle protein has some small regions of amino acid sequence similarity near the C-terminus with the particle protein of ACMV-JI (Stanley et al., 1986) . Indeed, as with polyclonal antiserum to ACMV in DAS-ELISA, none of the MAbs reacted with either of the leafhopper-transmitted geminiviruses, or SALCV, even in indirect ELISA.
A possible explanation of the non-reciprocity of action of some MAbs in competitive binding tests is that different epitopes may differ in occurrence in different regions of the virus particle surface. For example, some epitopes might occur uniquely at the junction of the two halves of the geminate virus particles. MAbs recognizing these epitopes would seem unlikely to block the binding of MAbs to epitopes on other parts of the particle surface, whereas the reverse would probably not apply. Further work is underway to test this hypothesis.
Several of the MAbs seem potentially useful for routine virus detection and identification. For example, SCR 14 detects both major strains of ACMV and distinguishes them from other geminiviruses. This ability should be helpful in ecological studies, such as when searching for reservoir hosts of ACMV among other species growing in cassava-growing areas of Africa. Where there is a need to discriminate between the type and C strains of ACMV, the tests should be done with SCR 12 and SCR 14. Each of these MAbs reacts in several kinds of serological test, and in DAS-ELISA they give stronger reactions than polyclonal antibody. However, the usefulness of these MAbs for detecting and discriminating between strains of ACMV needs to be confirmed by tests on a wider range of field isolates. At the other extreme of reaction specificity, MAbs such as SCR 20 can be used for quantitative assays of a wide range of geminiviruses, so enabling many types of study to proceed without the need first to prepare an antiserum specific for each virus. 
